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Nematode Management Products
Abstract
Protectant seed treatments are a new management option for plant-parasitic nematodes that feed on corn.
Avicta from Syngenta Crop Protection became widely available for use on corn in the United States in the
2010 growing season, and Votivo from Bayer CropScience is now available for use on corn in the 2011
growing season. Many growers and agribusiness personnel working for co-ops, grain elevators, and seed and
chemical companies are conducting strip-trial comparisons of nematode seed treatments in growers’ fields.
Yield monitors in combines and/or weigh wagons can be used to collect yield data from multiplerow strips
that stretch across an entire field. But some growers and agribusiness personnel also want to assess plant-
parasitic nematode populations in these strip trials to gauge whether the seed treatments are affecting
nematode numbers. Drawing conclusions about the effects of treatments on numbers of plantparasitic
nematodes in strip trials is problematic because of the natural variability of nematode populations and their
densities in the field. Plantparasitic nematodes are microscopic worms and their population densities can vary
greatly over short distances. The variability in nematode population densities in two or more samples
collected from the same treatment in a strip trial may be equal to or greater than the differences in nematode
numbers in samples collected from two or more different treatments. And, if differences in numbers of
nematodes from samples taken from different treatments are detected, one cannot assume that the differences
are due to effects of the treatments. The inability to attribute differences in nematode numbers to treatment
effects is especially true if only one sample is taken from each treatment. Multiple samples must be collected
uniformly, consistently, carefully, and at the proper time in order to have a chance of detecting differences in
nematode population densities among treatments.
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Introduction 
Protectant seed treatments are a new management option for plant-parasitic 
nematodes that feed on corn. Avicta from Syngenta Crop Protection became 
widely available for use on corn in the United States in the 2010 growing 
season, and Votivo from Bayer CropScience is now available for use on corn in 
the 2011 growing season.  
Many growers and agribusiness personnel working for co-ops, grain 
elevators, and seed and chemical companies are conducting strip-trial 
comparisons of nematode seed treatments in growers’ fields. Yield monitors in 
combines and/or weigh wagons can be used to collect yield data from multiple-
row strips that stretch across an entire field. But some growers and agribusiness 
personnel also want to assess plant-parasitic nematode populations in these 
strip trials to gauge whether the seed treatments are affecting nematode 
numbers. 
Drawing conclusions about the effects of treatments on numbers of plant-
parasitic nematodes in strip trials is problematic because of the natural 
variability of nematode populations and their densities in the field. Plant-
parasitic nematodes are microscopic worms and their population densities can 
vary greatly over short distances. The variability in nematode population 
densities in two or more samples collected from the same treatment in a strip 
trial may be equal to or greater than the differences in nematode numbers in 
samples collected from two or more different treatments. And, if differences in 
numbers of nematodes from samples taken from different treatments are 
detected, one cannot assume that the differences are due to effects of the 
treatments. The inability to attribute differences in nematode numbers to 
treatment effects is especially true if only one sample is taken from each 
treatment. Multiple samples must be collected uniformly, consistently, 
carefully, and at the proper time in order to have a chance of detecting 
differences in nematode population densities among treatments.  
 
Host: Corn or maize (Zea mays L.) 
 
Disease 
Yield loss caused by damage due to feeding of plant-parasitic nematodes on 
corn in the United States has been known and recognized since the 1980s (8). 
The most recent survey of estimated crop losses to corn caused by plant-
parasitic nematodes was conducted in 1994, and loss estimates ranged from 0 to 
10 percent in the 25 United States states that were surveyed (5). 
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Pathogens 
There are at least 120 different species of plant-parasitic nematodes known 
to feed on corn worldwide, and more than 60 species occur in North America 
(8). The common genera of plant-parasitic nematodes that feed on corn are 
listed in Table 1. Most genera occur only in the soil and feed from outside of the 
roots (Fig. 1); these nematodes are described as ectoparasites. To determine the 
population densities, or numbers, of ectoparasitic nematodes, soil samples are 
collected and nematodes are extracted from the soil, identified, and counted. 
 
Table 1. Basic characteristics of common genera of plant-parasitic nematodes that 
feed on corn.  
 * Some populations of root-knot nematode are more likely to injure corn and 
reduce yields in the southern Corn Belt than in the Midwest. 
 
 
Common 
name
Scientific name 
(genus name)
Feeding 
type
Primary 
location 
during the 
growing 
season
General  
damage 
potential
dagger Xiphinema ectoparasite soil
moderate 
to high
lance Hoplolaimus endoparasite roots
low to 
moderate
needle Longidorus ectoparasite soil high
pin Paratylenchus ectoparasite soil low
ring Mesocriconema ectoparasite soil
low to 
moderate
root-knot Meloidogyne endoparasite roots & soil
low to 
 high*
root-lesion Pratylenchus endoparasite roots
moderate 
to high
sheath Hemicycliophora ectoparasite soil low
spiral Helicotylenchus ectoparasite soil
low to 
moderate
sting Belonolaimus ectoparasite soil high
stubby root Paratrichodorus ectoparasite soil
moderate 
to high
stunt
Tylenchorhynchus 
and Quinisulcius
ectoparasite soil
low to 
moderate
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A few nematode genera that feed on corn enter and feed completely within 
the root tissue (Fig. 2). These nematodes, which complete their entire life cycle 
within the roots, are described as endoparasites and include lance nematode 
(Hoplolaimus spp.), root-knot nematode (Meloidogyne spp.), and root-lesion 
nematode (Pratylenchus spp). To assess population densities of endoparasitic 
lance and root-lesion nematodes, nematodes must be extracted from root tissue 
and then identified and counted. The numbers of lance and root-lesion 
nematodes in the soil during the growing season can be deceptively low, while 
several thousands of nematodes can be present in a single gram of root tissue 
(8).  
 
 
Symptoms and Signs 
Above-ground symptoms of nematode damage to corn include general 
stunting resulting in uneven plant height in a field, general yellowing of leaf 
tissue, poor pollination, small ears, and lodging later in the growing season (8). 
The symptoms that occur below ground are quite variable depending on the 
nematode species and the environmental conditions present in the field and can 
include stunting of the root system, slight, general root discoloration, distinct, 
dark necrotic root lesions, and a proliferation of fibrous roots (8). None of the 
symptoms are unique enough to provide a conclusive diagnosis of nematode 
damage in the field, and there are no reliable, apparent signs of the nematodes 
in the field. 
 
Host Range 
All of the nematodes that feed on corn have alternative hosts; none feed 
exclusively on corn. Most species of plant-parasitic nematodes that parasitize 
corn in the United States Midwest also parasitize soybean (8).  
 
Geographic Range 
In general, plant-parasitic nematodes are ubiquitous in nature, and it is 
expected to find species feeding on corn anywhere the crop is grown in the 
world (8). In almost all cases, the presence of a few individuals of a nematode 
species that feeds on corn does not cause noticeable symptoms or yield loss. 
Fig. 1. Ectoparasitic stunt nematode feeding 
on a corn root. 
 
Fig. 2. Endoparasitic lance nematodes 
(stained red) feeding within root segments. 
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Populations of these nematodes must increase to damaging densities before 
corn yield loss occurs (8). 
 
Pathogen Isolation, Identification, and Quantification 
Common methods to extract nematodes from soil are wet sieving/decanting 
(3) and the Baermann funnel (10). Extracting endoparasitic nematodes from 
roots involves incubating root fragments in water or an extraction solution (1) 
for several days and identifying and counting nematodes that exit the root and 
are present in the extraction solution. 
Plant-parasitic nematodes can be identified to the genus level generally 
using overall body shape, size, stylet shape and size, and several other measures 
of gross body morphology. It is sufficient to identify the nematodes only to the 
genus level for most practical purposes, including collecting information from 
field strip trials. The criteria and methods used to differentiate species of plant-
parasitic nematodes vary by genus and include fine microscopic observation of 
different juvenile and adult life stages of the nematode to measure subtle 
morphological details. It is beyond the scope of this paper to review or even 
highlight the characters and techniques used to identify this large and diverse 
group of nematode genera and species. A useful resource for identifying 
common genera of plant-parasitic nematodes is Plant-Parasitic Nematodes: a 
Pictorial Key to Genera by W. F. Mai and P. G. Mullin, which includes a 
dichotomous key to the common genera (7). 
Many land-grant universities in the United States have a plant disease clinic 
or a nematology laboratory that extracts plant-parasitic nematodes from soil 
and root samples and identifies and counts the nematodes (Table 2). Some state 
universities may not have such a facility to process samples for nematodes, in 
which case samples might need to be sent to an adjacent state university facility, 
if they are able to accept out-of-state samples. It is best to check in advance of 
sending samples for nematode analysis to a facility located in another state. 
There also are several private laboratories that are able to extract and identify 
plant-parasitic nematodes from samples.  
 
Table 2. University and government facilities in the United States and Ontario, 
Canada, that extract, identify, and count plant-parasitic nematodes, including 
nematodes that feed on corn. 
(continued) 
 
Alabama 
Auburn University Plant Diagnostic Lab 
ALFA Agricultural Services and Research Building 
961 South Donahue Drive 
Auburn, AL 36849-5624 
Telephone: (334) 844-5004 
E-mail: raychah@auburn.edu 
http://www.aces.edu/dept/plantdiagnosticlab
Arizona 
University of Arizona Nematode Diagnostic Laboratory 
School of Plant Sciences 
303 Forbes Building 
Tucson, AZ 85721 
Telephone: (520) 621-7161 
E-mail: mcclure@ag.arizona.edu
Arkansas 
University of Arkansas Nematode Diagnostic Clinic 
362 Highway 174 North 
Hope, AR 71801 
Telephone: (870) 777-9702, ext. 128 
E-mail: choward@uaex.edu
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Table 2 (continued). 
(continued) 
Colorado 
Colorado State University Plant Identification and Diagnostic Clinic 
E215 Plant Sciences Building, 200 West Lake Street 
Fort Collins, CO 80523-1177 
Telephone: (970) 491-6950 
E-mail: plantlab@lamar.colostate.edu or tamla.blunt@colostate.edu 
http://plantclinic.agsci.colostate.edu 
Delaware 
University of Delaware Plant Disease Clinic / Nematode Advisory Service 
151 Townsend Hall 
Plant and Soil Sciences Department 
Newark, DE 19716 
Telephone: (302) 831-1309 or (302) 831-4865 
E-mail: bobmul@udel.edu 
http://ag.udel.edu/extension/pdc
Florida 
University of Florida UF-IFAS Nematode Assay Laboratory 
Building 970 Natural Area Drive 
Gainesville, FL 32611-0620 
Telephone: (352) 392-1994 
E-mail: nemalab@ifas.ufl.edu 
http://entnemdept.ifas.ufl.edu/assaylab 
 
Florida Extension Plant Diagnostic Clinic  
155 Research Road  
University of Florida IFAS/NFREC  
Quincy, FL 32351  
Telephone: (850) 875-7140  
E-mail: wadan@ufl.edu 
Georgia 
University of Georgia Extension Nematology Laboratory  
2350 College Station Road 
Athens, GA 30602 
Telephone: (706) 542-9144 
E-mail: gbjagdal@uga.edu 
http://plantpath.caes.uga.edu/extension/clinic.html 
Hawaii 
Plant Disease Clinic  
Agricultural Diagnostic Service Center  
1910 East-West Road, Sherman Lab 112  
Honolulu, HI 96822  
Telephone: (808) 956-6706  
E-mail: ADSC@ctahr.hawaii.edu 
http://www.ctahr.hawaii.edu/Site/ExtOverview.aspx 
Idaho 
University of Idaho Plant Pathology Laboratory 
29603 U of I Lane 
Parma, ID 83660-6699 
Telephone: (208) 722-6701, ext. 237 
E-mail: shafez@uidaho.edu
Illinois 
University of Illinois Plant Clinic  
1401 W. St. Marys Road  
Urbana, IL 61801 
Telephone: (217) 333-0519 
E-mail: sbissonn@illinois.edu 
http://plantclinic.cropsci.illinois.edu
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Table 2 (continued). 
(continued) 
 
 
 
Indiana 
Purdue University Nematology Laboratory 
901 W. State St. 
West Lafayette, IN 47907 
Telephone: (765) 494-5901 
E-mail: jamal@purdue.edu 
http://extension.entm.purdue.edu/nematology
Iowa 
Iowa State University Plant and Insect Diagnostic Clinic  
327 Bessey Hall 
Ames, IA 50011 
Telephone: (515) 294-0581 
E-mail: sickplant@iastate.edu or pidc@iastate.edu 
http://clinic.ipm.iastate.edu 
Kansas 
Kansas State University Plant Disease Diagnostic Lab  
4032 Throckmorton Plant Sciences Center  
Manhattan, KS 66506 
Telephone: (785) 532-5810  
E-mail: clinic@k-state.edu 
http://www.plantpath.ksu.edu/DesktopDefault.aspx?tabid=725 
Kentucky 
University of Kentucky Plant Disease Diagnostic Laboratory 
UK Research and Education Center 
P.O. Box 469, 1205 Hopkinsville Street 
Princeton, KY 42445 
Telephone: (270) 365-7541, ext. 228 
E-mail: pbachi@uky.edu 
http://www.ca.uky.edu/agcollege/plantpathology/extension/pdd_lab.html 
Louisiana 
Louisiana State University Plant Disease Diagnostic Clinic 
LSU AgCenter 
302 Life Science Building  
Baton Rouge, LA 70803  
Telephone: (225) 578-4562  
E-mail: rsingh@agcenter.lsu.edu 
http://www.lsuagcenter.com/en/our_offices/departments/ 
Plant_Pathology_Crop_Physiology/Plant_Disease_Clinic 
Massachusetts 
University of Massachusetts Extension Plant Diagnostic Lab 
160 Holdsworth Way, 108 Holdsworth NRC 
Amherst, MA 01003-9285 
Telephone: (413) 545-3209 
E-mail: mbdicklo@umext.umass.edu 
http://www.umass.edu/agland/diagnostics 
Michigan 
Michigan State University Diagnostic Services 
101 Center for Integrated Plant Systems  
East Lansing, MI 48824 
Telephone: (517) 355-4536 
E-mail: pestid@msu.edu  
http://www.pestid.msu.edu
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Table 2 (continued). 
(continued) 
 
 
 
 
Minnesota 
University of Minnesota Plant Disease Clinic 
495 Borlaug Hall, 1991 Upper Buford Circle (US mail) 
1519 Gortner Ave, 105 Stakman Hall (other deliveries) 
St. Paul, MN 55108 
Telephone: (612) 625-1275  
E-mail: pdc@umn.edu 
http://pdc.umn.edu
Mississippi 
Mississippi State University Plant Pathology and Nematology Clinic 
190 Bost North, Room 9, Box 9655 
Mississippi State, MS 39762-9655 
Telephone: (662) 325-2146 
E-mail: cbalbali@ext.msstate.edu 
http://www.extensionplantclinics.msstate.edu
Missouri 
University of Missouri Plant Nematology Laboratory 
23 Mumford Hall 
Columbia, MO 65211 
Telephone: (573) 884-9118 
E-mail: heinzr@missouri.edu 
http://soilplantlab.missouri.edu/nematode 
Montana 
Montana State University Schutter Diagnostic Lab 
119 Plant Bioscience Building 
Bozeman, MT 59717-3150  
Telephone: (406) 994-5150 
E-mail: linnea.skoglund@montana.edu 
http://diagnostics.montana.edu 
Nebraska 
University of Nebraska Plant and Pest Diagnostic Clinic 
448 Plant Sciences 
Lincoln, NE 68583-0722 
Telephone: (402) 472-2559 
E-mail: aziems2@unl.edu 
http://pdc.unl.edu/diagnosticclinics/plantandpest 
New Jersey 
Rutgers NJAES Plant Diagnostic Lab. and Nematode Detection Service 
Ralph Geiger Turfgrass Education Center 
20 Indyk-Engel Way, P.O. Box 550 
Milltown, NJ 08850-0550 
Telephone: (732) 932-9140 
E-mail: clinic@njaes.rutgers.edu 
http://njaes.rutgers.edu/plantdiagnosticlab
New Mexico 
New Mexico State University Plant Diagnostic Clinic 
P.O. Box 30003, MSC 3AE 
Las Cruces, NM 88003 
Telephone: (575) 646-1621 or (575) 646-1965 
E-mail: ngoldber@nmsu.edu 
http://aces.nmsu.edu/ces/plantclinic
1 September 2011Plant Health Progress
Table 2 (continued). 
(continued) 
New York 
Cornell University Plant Disease Diagnostic Clinic 
334 Plant Science Building 
Ithaca, NY 14853 
Telephone: (607) 255-7850 
E-mail: slj2@cornell.edu 
http://plantclinic.cornell.edu  
 
Long Island Horticultural Research and Extension Center 
Cornell University  
3059 Sound Ave.  
Riverhead, NY 11901  
Telephone: (631) 727-3595 
E-mail: mld9@cornell.edu
North Carolina 
North Carolina State University Plant Disease and Insect Clinic 
Campus Box 7211, Room 1227 Gardner Hall  
Raleigh, NC 27695-7211 
Telephone: (919) 515-6984 
E-mail: barbara_shew@ncsu.edu or shawn_butler@ncsu.edu 
http://www.cals.ncsu.edu/plantpath/extension/clinic  
 
North Carolina Department of Agriculture and Consumer Services 
Nematode Assay Section 
4300 Reedy Creek Road Raleigh, NC 27607-6465 
1040 Mail Service Center Raleigh, NC 27699-1040 
Telephone: (919) 733-2655 
E-mail: Weimin.Ye@ncagr.gov 
http://www.ncagr.gov/agronomi
Ohio 
Ohio State University Plant and Pest Diagnostic Clinic  
8995 E. Main Street, Plant Industry Building 23 
Reynoldsburg, OH 43068 
Telephone: (614) 292-5006  
E-mail: ppdc@cfaes.osu.edu 
http://ppdc.osu.edu
Oklahoma 
Oklahoma State University Plant Disease and Insect Diagnostic Lab. 
127 Noble Research Center 
Stillwater, OK 74078-3033 
Telephone: (405) 744-9961 
E-mail: jen.olson@okstate.edu 
http://entoplp.okstate.edu/Pddl
Ontario, Canada 
University of Guelph Pest Diagnostic Clinic 
95 Stone Road West 
Guelph, Ontario, Canada 
N1H 8J7 
Telephone: (519) 823-1268, ext. 57256 
E-mail: pdc@uoguelph.ca 
http://www.guelphlabservices.com/AFL/GrowersSoil.aspx 
Oregon 
Oregon State University Nematode Testing Service 
2082 Cordley Hall, 2701 SW Campus Way 
Corvallis, OR 97331-2902 
Telephone: (541) 737-5253 
E-mail: inghamr@science.oregonstate.edu 
http://www.science.oregonstate.edu/bpp/Nematodes
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Table 2 (continued). 
 
Extracting nematodes from soil and identifying and counting the plant-
parasitic nematodes that are present are somewhat complicated and time-
consuming activities. One should consult with the laboratory where samples 
Pennsylvania 
Penn State University Nematode Diagnostic Service 
290 University Drive 
P.O. Box 330 
Biglerville, PA 17307-0330 
Telephone: (814) 717-6116, ext. 3  
http://plantpath.psu.edu/facilities/plant-disease-clinic 
South Carolina 
Clemson University Plant Problem Clinic and Nematode Assay Lab 
511 Westinghouse Road 
Pendleton, SC 29670 
Telephone: (864) 646-2133 
E-mail: nemalab@clemson.edu 
http://www.clemson.edu/plantclinic 
Texas 
Texas A&M University Texas Plant Disease Diagnostic Lab 
Texas AgriLife Extension Service 
1500 Research Parkway, Suite A 130 
College Station, TX 77845  
Telephone: (979) 845-8032 
E-mail: kevo@tamu.edu 
http://plantclinic.tamu.edu 
 
Texas A&M University Texas Plant Diagnostic Clinic 
Texas AgriLife Research and Extension Center 
6500 Amarillo Blvd West 
Amarillo, TX 79106 
Telephone: (806) 677-5600 
E-mail: rdfrench@ag.tamu.edu 
http://amarillo.tamu.edu/amarillo-center-programs/extension- 
plant-pathology/texas-plant-diagnostic-clinic-thppdl
Virginia 
Virginia Tech Nematode Assay Laboratory 
115 Price Hall 
Blacksburg, VA 24061-0331 
Telephone: (540) 231-4650 
E-mail: jon@vt.edu 
http://www.ppws.vt.edu/~clinic/nematode.php 
West Virginia 
West Virginia University Nematology Lab 
1090 Agricultural Sciences Building  
P.O. Box 6108 
Morgantown, WV 26506 
Telephone: (304) 293-8822 
E-mail: jkotcon@wvu.edu
Wisconsin 
University of Wisconsin Plant Disease Diagnostics Clinic 
Attn: Dr. Ann MacGuidwin 
1630 Linden Drive  
Madison, WI 53706 
Telephone: (608) 263-6131 
E-mail: aem@plantpath.wisc.edu 
http://pddc.wisc.edu
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from strip trials would be sent in advance of collecting the samples to determine 
if the facility is capable of processing a large number of samples in a timely 
manner. Also, there are no rigid standard procedures for extracting nematodes 
from soil and roots, and methodology can greatly affect results, so results of 
samples processed by different laboratories should not be compared directly.  
When communicating with the laboratory that will process your samples, it 
is a good idea to explain to them the purpose of the samples. The laboratory 
personnel may benefit from knowing whether the samples are from a strip trial 
or are samples that were collected to diagnose a corn production problem. 
 
How to Collect Samples 
• Using a 1-inch-diameter (2.5-cm-diameter) soil probe, collect up to 20 soil 
cores from each area being sampled. Angle the soil probe in under the seed 
row (Fig. 3), collecting the soil from within the root zone of growing corn 
plants. Soil cores should be at least 12 inches long. 
• Do not break up or mix the soil cores. Place them in a plastic bag and label the 
outside of each sample bag with a permanent marker. A standard paper soil 
sample bag will not be large enough to hold all of the soil cores that comprise 
a sample. 
• To check for endoparasitic nematodes, nematologists in some states 
recommend collecting several whole plants early in the season, when plants 
are relatively small (Fig. 4), and several root masses later in the season 
(Fig. 5). Nematologists in other states extract the endoparasitic nematodes 
from root fragments recovered from the soil cores and do not recommend 
collecting separate root samples. Check with the laboratory that will be 
processing the samples to make certain that they extract, identify, and count 
endoparasitic nematodes and to determine if separate root samples need to be 
submitted along with soil cores. 
• Protect soil and root samples from physical impact and high temperatures. 
Nematodes are soft-bodied animals that can be ruptured and destroyed by 
blunt physical force. Never throw or drop soil sample bags, and be sure to 
cushion sample bags well with crumpled newspaper in the box if samples are 
being shipped. Excessive heat also can damage or kill nematodes, and some 
laboratories use extraction methods that require the nematodes to be alive 
and mobile. So protect samples from direct sunlight and avoid shipping 
samples late in the work week because they may sit over the weekend in a 
delivery truck or warehouse that is not air conditioned. Samples should be 
sent via overnight delivery or driven to the laboratory that is going to process 
them. 
 
 
Fig. 3. Collecting a soil core with a soil 
probe from a row of corn to determine 
population densities of plant-parasitic 
nematodes. 
Fig. 4. Young corn plants collected to test 
for endoparasitic nematodes in root tissue. 
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When to Sample Strip Trials 
The different species of plant-parasitic nematodes that feed on corn vary in 
how long it takes for them to complete a generation (i.e., generation time). 
Root-lesion nematodes (Pratylenchus spp.) complete a generation in 21 to 28 
days (9); dagger and needle nematodes (Xiphinema spp. and Longidorus spp., 
respectively) take an entire growing season or more to complete one generation 
(2,4). The likelihood of detecting a difference in nematode numbers due to 
effects of seed treatments (or any other management tactic) depends on the 
specific effect of the treatment on nematodes and what nematodes are present 
in the field, their generation times, and when the nematode samples are taken. 
Following are some specific points to consider. 
• The new nematode seed treatments are described as providing early season 
protection of corn roots from nematode feeding, not season-long nematode 
control. The duration of the root protection into the growing season is not 
specified or known and may vary according to growing conditions. 
• Plant-parasitic nematodes are obligate parasites that must feed on living host 
roots to develop, mature, and reproduce. It is not known exactly when in the 
growing season that differences in nematode population densities in soil and 
roots can be detected as a consequence of seed treatments preventing 
nematode feeding and reproduction. 
• Differences in numbers of ectoparasitic nematodes due to the effects of seed 
treatments may be apparent early in the season, when the seed treatments are 
repelling the nematodes or preventing their access to the roots, but not later 
in the growing season, after the treatments become less effective and/or 
nematode numbers build back up. 
• Many nematodes that feed on corn may be deep in the soil profile, and some, 
including needle nematodes, can migrate down as the growing season 
progresses (6). These nematodes are missing or underrepresented in the 
typical 6- to 8-inch-deep soil cores collected in other crops, such as soybean. 
As we mentioned earlier, cores should be taken at least 12 inches deep, and 
even up to 18 inches deep (if possible) later in the season as nematodes have 
migrated downward. Even so, soil samples collected at mid to late season may 
yield nematode population densities that are deceptively low.  
• The current nematode seed treatments are not believed to enter the roots. If 
the seed treatments’ active ingredients only occur outside of the roots, there is 
no reason to believe the treatments would affect feeding and reproduction of 
endoparasitic nematodes once they have successfully entered the roots. So the 
numbers of endoparasitic nematodes living inside the roots in the first several 
weeks of the growing season may be a better indication of the protection 
provided by the seed treatments than nematode numbers from roots collected 
later in the season, once the nematodes that were able to penetrate into roots 
have a chance to multiply. 
• If nematodes are prevented from feeding on roots, the numbers of nematodes 
in soil and/or roots should eventually decline because of lack reproduction 
and eventual starvation. But if samples are collected before enough time has 
 
Fig. 5. Root mass collected to test for 
endoparasitic nematodes in roots mid 
season. 
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passed for the nematodes to complete a generation, their failure to multiply 
would not be reflected in numbers of nematodes in a sample. It is not likely 
that there will be differences in nematode numbers attributable to treatments 
in early or mid-season samples if the predominant nematodes in the field are 
those that take an entire growing season to complete one generation. 
 
Where to Sample in Strip Trials 
It is difficult to determine where to collect samples from strip trials 
composed of strips that are 20 to 40 rows wide and stretch across an entire 
field. And, it is not practical for growers or agronomists to plant multiple strips 
of randomly arranged treatments in a field. Instead, planters often are loaded 
with two or three different types of seeds (treated with different compounds or 
untreated) and then strips are planted as the tractor and planter moves in a 
back and forth or serpentine pattern planting the field. Following are some 
guidelines for creating specific sampling areas or “plots” in strip trials. 
• Create designated sampling areas akin to “plots” in a strip trial by marking the 
center four or eight rows of a 25- to 50-ft-long (7.5- to 15-m-long) area of each 
8- to 12-row-wide strip using flags and global positioning system (GPS) 
coordinates. Marking sampling areas in this manner will allow repeated 
sampling from the same areas throughout the growing season (if that is 
desired). Having GPS coordinates of the sampling areas also will allow 
comparison of nematode population densities to yields in those areas, if a 
georeferenced yield map of the field is available and yield data can be 
extracted from maps for the specific areas that were sampled for nematodes. 
The georeferenced nematode data will be useful in future years, too, as areas 
of damaging nematode populations ("hot spots") tend to occur in the same 
places year after year. 
• Collect numerous soil cores and, if recommended by the laboratory that will 
process the samples, a few plants or root masses from several sets of sampling 
areas or “plots” in a strip trial. Use a shovel to dig plants for root samples so 
that small roots, which many nematodes prefer, are not lost. 
• Collect sets of samples from “plots” that form a straight line (or transect) 
across the various treatments in the strips. Ideal places to position the 
transects in the field would include areas suspected of having damaging 
nematode populations, areas where there currently is or has been unexplained 
poor corn growth in past seasons, and areas with uniform soil conditions (and 
possibly uniform nematode populations). 
• If there are multiple strips of each treatment being compared in a field, it may 
be possible to collect samples from “plots” that form just two or three 
transects across the strips (Fig. 6).  
• If each treatment only occurs once in a field, samples should be collected from 
numerous transects that traverse the strips at different places in the field 
(Fig. 7). 
• Avoid establishing strip trials to compare nematode seed treatments in fields 
that have had strips trials conducted in them in recent years, especially if the 
past treatments may have affected nematode numbers. The effects of 
treatments in past years may persist for more than one year and will confound 
the data collected from the current study. 
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Fig. 6. Layout of a strip trial with 12-row (30-ft-wide) strips of three treatments (A, 
B, and C) repeated several times, planted with a 24-row planter. Treatment C would 
be in the left 6 units, treatment B in the center 12 units, and treatment A in the 
right 6 units of the planter. The arrangement of treatments shown in the diagram is 
created when the tractor follows a back-and-forth or serpentine pattern to plant the 
field, starting in the lower left corner of the field. Areas in white depict border rows 
of treated seed that would not be used for data collection. Sampling areas or “plots” 
are created in the strips by designating 12-row-wide by 30-ft-long areas for 
sampling. Ideally, yield data could also be obtained from the sampling areas or 
“plots.” 
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Comparing Nematode Numbers Among Strips 
Populations of plant-parasitic nematodes are extremely variable in fields. 
The genera and numbers of nematodes in a sample can vary greatly from 
location to location in the field, from time to time throughout the growing 
season, and from season to season.  
Nematode numbers from samples collected from strips in a field will be 
highly variable, even when consistent sampling methods are used. So how 
would one know if a treatment is affecting nematode numbers? Answering such 
a question with any degree of confidence is very difficult with data collected 
from strip trials as described above. Consider the following points: 
   
 
Fig. 7. Layout of a strip trial with single 12-row (30-ft-wide) strips of three 
treatments (A, B, and C) planted with a 24-row planter. Treatment C would be in the 
left 6 units, treatment B in the center 12 units, and treatment A in the right 6 units 
of the planter. Areas in white depict border rows of treated seed that would not be 
used for data collection. Sampling areas or “plots” are created in the strips by 
designating 12-row-wide by 30-ft-long areas for sampling. Ideally, yield data could 
also be obtained from the sampling areas or “plots.” 
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• To relate yield differences among treatments in strip trials to effects on 
population densities of plant-parasitic nematodes, trials should be located in 
fields infested with plant-parasitic nematodes known to be damaging to corn. 
And ideally, the nematodes present would be at population densities that can 
cause yield loss. Samples can be taken the fall before a study is initiated or in 
early spring of the growing season to guide field selection. 
• The ability of nematodes to damage corn varies greatly among different 
nematode genera (Table 1), and most genera, except Belonolaimus and 
Longidorus, are not believed to be damaging when numbers are low. Little is 
known about combined effects of several species of nematodes feeding on 
corn concurrently, which is a very common occurrence. 
• To determine whether a treatment is having any consistent effect on nematode 
numbers, it is critically important to collect many (8 or more) sets of samples 
across strips of treatments and to compare nematode numbers from all 
samples. Results from one set of samples collected at one location across 
strips will not provide useful information. 
• The most convincing evidence that a treatment reduced numbers of plant-
parasitic nematodes would be if combined numbers of plant-parasitic 
nematodes, or combined numbers of nematodes with moderate and/or high 
damage potential (Table 1), were consistently lower in samples collected from 
treated strips than in samples from untreated strips. But such a result is 
unlikely because of the natural variability in distribution of plant-parasitic 
nematodes in fields. More likely, nematode numbers may be lower in samples 
from some sampling areas or “plots” in treated strips than in untreated strips, 
but not all.  
• Less convincing, but still reasonable evidence of a treatment effect would be if 
overall average nematode numbers, or average numbers of nematodes with 
moderate and/or high damage potential, from samples collected from all of 
the treated strips combined is lower than average numbers from samples 
collected in the untreated plots combined. 
• An additional set of information that might be useful is the numbers of 
nematode present in the sampling areas or “plots” at the beginning of the 
season. Results from samples collected at or near the time of planting would 
provide information on the base population of plant-parasitic nematodes that 
were present before treatments were imposed or had an effect. This 
information would help characterize an experiment as being located in a field 
with low, moderate, or high risk of nematode damage to corn based on the 
nematode populations that were present. And mid-season nematode 
population densities may be more meaningful when compared with nematode 
population densities that were present at the beginning of the season.  
 
Other Important Things to Consider 
It is important to keep as many factors as possible consistent across 
treatment strips except for the treatments being compared. Following are some 
key points to keep in mind when conducting a strip trial and attempting to 
determine whether treatments are affecting population densities of plant-
parasitic nematodes. 
• Ideally, all factors in strips should be kept constant other than the treatments 
being compared. The same lot of seed of the same corn hybrid should be 
planted on the same day with the same equipment, and nematode samples 
should be collected by the same person in exactly the same way from sampling 
areas in all strips. This is especially important when comparing products from 
different companies. But it is unlikely that growers or agribusiness personnel 
will be able to compare products from different companies on a single lot of 
seed of one hybrid because many seed companies only sell one of the current 
choices of seed-treatment nematode protectant products. If products are 
applied to different corn hybrids, the hybrids should be of similar maturity 
and possess similar defensive traits, such as herbicide and insect resistance, 
and even then, direct comparisons of results from different corn hybrids 
should not be made.  
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• The seed-treatment nematode protectants are being sold in combination with 
other seed-treatment protectants, not as stand-alone nematode management 
products. For example, Avicta is sold with Cruiser Extreme 250 as Avicta 
Complete Corn, a combination of the seed treatment nematicide (active 
ingredient abamectin), a seed treatment insecticide and three seed treatment 
fungicides. And Votivo is a biological seed treatment containing the bacterium 
Bacillus firmus that will be sold with a seed-treatment insecticide as 
Poncho/Votivo.  
If a strip trial is being conducted to determine if seed treatments are 
controlling plant-parasitic nematodes resulting in increased corn yields, 
nematode population densities and yields should be compared between strips 
with and without the nematode protectant seed treatment. For example, the 
best comparisons would be between Avicta Complete Corn and Cruiser Extreme 
250 and between Poncho/Votivo and Poncho because each pair of treatments 
varies only by the presence or absence of the nematode protectant. Also, the 
rates of insecticides and fungicides in the seed treatments being compared 
should be the same among the products being compared. Figuring out and 
standardizing the rates of these components of seed-treatment products may 
require some effort because rates of insecticides and fungicides can vary among 
seed-treatment products within a company, even with products with the same 
or similar names. 
• When comparing yields of corn treated with products from different 
companies, be sure to use products with similar components in each 
company’s treatment. For example, as explained above, Avicta Complete Corn 
has a nematicide, an insecticide, and three fungicides. So the most equivalent 
comparison treatment would be corn treated with Poncho/Votivo plus several 
seed-applied fungicides comparable to those in Avicta Complete Corn. 
• Other possible treatments to include in strip trials to assess if nematode 
protectant seed treatments increase yields by reducing nematode numbers are 
an untreated control and a soil-applied nematicide. It may be difficult to get 
untreated corn seed to serve as an untreated control in strip trials. Currently, 
Counter 15G and 20G from AMVAC Chemical Corporation are soil-applied 
nematicides labeled for use on corn. If including a soil-applied nematicide as a 
control treatment, the seed should be treated with the same or similar 
insecticides and fungicides as those present in the nematode seed treatment 
products in the strip trial. 
• It is always best to vary treatments being compared by only one factor to get 
the most meaningful information from the comparison. The more 
components that vary in treatments being compared in a field, the less specific 
information will be obtained about the likely reason that a difference in yield 
or nematode numbers occurred. For example, increased corn yield associated 
with use of a seed treatment containing a nematicide, an insecticide, and a 
fungicide compared to yield of corn from seed treated just with a fungicide 
may be due to the activity of the nematicide, the insecticide, both pesticides 
acting additively, or an interaction between the two pesticides. In such a case, 
there is no way to know for certain the true basis of the yield increase because 
the treatments varied by more than one component. Still, comparison of 
yields of corn treated with various products that vary by more than one 
component can be useful information, but only in regards to yield and not 
with respect to the basis for any possible yield differences detected.  
 
Collecting Nematode Data from Strip Trials with Other Field 
Crops 
The methods and considerations discussed herein are also applicable for 
collecting samples to determine nematode population densities from strip trials 
of other field crops, including soybeans and the soybean cyst nematode (SCN). 
However, when doing so, great consideration must be given to the biology of the 
nematodes and the crop being studied and also the specific modes of action of 
the treatments being compared. For example, collecting samples to determine 
possible effects of nematode seed treatments that provide early season 
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protection against SCN probably should be taken in the first four to six weeks of 
the season, when the effects of the treatments would be most apparent and after 
enough time had passed for the SCN population to have completed a full 
generation. Population densities from samples collected at the end of the season 
may not show any treatment effects because nematode numbers may resurge in 
mid and late season, after the protective effects of the seed treatment have worn 
off. 
 
Summary 
The guidelines presented above are for individuals conducting strip trials to 
assess the effects of new nematode protectant seed treatments on population 
densities of plant-parasitic nematodes in the field. The suggestions are meant to 
facilitate useful, yet practical comparisons, particularly with respect to the 
effects of the tested treatments on population densities of plant-parasitic 
nematodes that feed on corn.  
As mentioned in the introduction, it is unlikely that strong conclusions can 
be drawn about effects of treatments compared in a strip trial because of the 
natural variability in spatial distribution and numbers of plant-parasitic 
nematodes. 
Also, the information obtained from in-field comparisons conducted as 
suggested above is not a substitute for data from scientifically valid experiments 
conducted with replicated plots, randomly assigned treatments, intensive 
sample collection, and appropriate experimental design and statistical methods 
to discern treatment effects. And one should be mindful of the large influence 
that environment can have on the interaction of plant-parasitic nematodes with 
host plants and on the resultant yield loss and the changes in nematode 
population densities. The effects of seed-treatment nematode protectant 
products may vary from field to field and year to year because of the large effect 
of the environment. 
It is always best to check with university nematologists or plant pathologists 
with nematode expertise in your own state for the most accurate information 
concerning nematodes that feed on corn and how to assess the effects of 
management strategies on nematode population densities. The guidelines 
presented herein are generally applicable but local experts may have other 
advice to improve the effectiveness of the comparisons. 
 
Disclaimers 
The pesticides mentioned herein should be used according to their labels 
and only if they are registered with the Environmental Protection Agency and 
your state department of agriculture. If a product registration is changed or 
cancelled, any suggestions herein are no longer recommended. Check with state 
authorities, chemical company personnel, or university extension staff for the 
latest information before any pesticides are used. Also, endorsement is not 
intended of commercial products mentioned herein, nor is criticism implied of 
similar products not mentioned. 
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